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Abstract: This paper presents a pedagogical approach to teaching architectural
studios that begins with spatial and material design research into the socio-cultural
consequences of the global flows of building materials. This work responds to the
challenge set by architectural theorist, Peg Rawes, to consider ‘relational
architectural ecologies’ within design. She has argued that sustainability research in
architecture has been siloed within building science and, as a consequence, has been
addressed through technological approaches without due consideration to social
‘ecologies’. Students design research work, which innovatively re-imagines
sustainable futures, is discussed
Keywords: design research, architecture, globalisation, locavore

1. Introduction
This century has seen a range of fundamental environmental changes across the globe that
has had significant impacts on food supply chains. In 2015 we witnessed mass migrations of
refugees to Europe fleeing war, hunger and persecution in the Middle East (Than, 2015).
China is facing major concerns about food security in the context of population stress and
environmental pollution; a concern that drives investment in farmland in Australia and the
Pacific (Department of Foreign Affairs and Trade, Australian Government, 2012). But as an El
Niño warming of the Pacific worsens, cyclones, drought and famine have led to evacuations
from the Islands in the Pacific region of Tanna, in Vanuatu (Fox, 2015) and in the Enga
province of Papua New Guinea (Walsh , 2015). Meanwhile the Western world continues to
produce and consume the vast majority of food resources trading them across vast distances
without regard for local or seasonal growing cycles. While these events are simultaneously a
symptom and cause of a growing environmental crisis, they are also contingent on a range of
social, political, economic, and technological factors.
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0
International License.
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Food has always been understood to be part of a ‘relational ecological cycle’: its production
is equally dependent on ecological health of the land in which it grows (rain, sun, soil
nutrition) and the practices of care exercised by humans within socio-culturally and geopolitically defined agricultural contexts and culinary traditions. As such, Peg Rawes implies it
offers lessons in thinking for architects who have exercised sustainable design practice
primarily through technological responses. Rawes enlists the work of conceptual and
environmental artist, Agnes Denes project, Wheatfield – A Confrontation (1982) to theorise
an ‘architectural ecology of care’ (Denes, 1993). Denes, with a group of helpers, grew a field
of wheat on an urban landfill in New York City to draw a connection between food
resources, environmental degradation and urbanism. Demonstrating that social relations
and environmental ‘care’ are essential for growing our food, Rawes argues that, so too,
should cycles of care be at the heart of architectural production (Rawes, 2013). With
reference to Gregory Bateson’s ‘aesthetic ecologies’ (Bateson, 2000) and Felix Guattari’s
‘biopolitical regimes’ (Guattari, 2000) she argues that holistic ecologies of care must be
inclusive of social, political, material, and technological relations if we are to address the
societal problems associated with climate change.
This paper presents a pedagogical approach for teaching architectural design that explores
‘relational ecological’ thinking. Drawing on food-activism as a starting point, architecture
students were encouraged to think differently about the materials that they use. Selected
creative research exercises, and the final projects that emerged, will be used as examples.

2. Matter for eating; matter for building
Many people now express their concerns about our environmental crisis through ethical
food choices. Frances Moore Lappe’s Diet for a Small Planet was the first to draw links
between the farming and consumption of meat and food scarcity in the developing world
(Moore Lappe, 1971). Since then, food activism has broadened significantly (Counihan &
Siniscalchi, 2014). Vegans avoid all food that involves animal husbandry, freegans eat only
food that has been discarded as waste, avoiding circuits of capital altogether, while the
Locavore movement eats food only grown within a 100mile (160km) radius in an effort to
minimise the energy impost of transporting food globally. The latter is a movement inspired
by ecologist Gary Paul Nabhan, who argued that eating close to home is ‘an act of deep
cultural and environmental significance’ (Nabhan, 2002). The movement continues to grow
amongst environmentalists, who advocate informed shopping, support of local farmers
markets and mindful eating as counterpoint to globalised agricultural practices.
Inspired by these practices, I challenged my students to consider the global flow of materials
and the political economy that drives it by designing a ‘restaurant’ for Locavores. Students
were challenged to source their building materials following the same constraints as
Locavores use to source their food. The sites included a small triangle of land in the central
business district of Melbourne, Australia, which is owned by and adjacent to the Royal
Society, a learned academy for the sciences. The site has been used by the Bureau of
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Meteorology for a century to monitor weather in the city (Webb, 2015). The second was a
slightly larger triangular site in a township with a population of 300 in the Otway ranges, a
major area for forestry in the south-east region of Australia.

3. Design research methods for rethinking sustainability
Students were encouraged to use design research as a methodology. As views about what
design research is vary, I will define it as a multimodal, transdisciplinary, investigatory
process that leads to new knowledge through practices that are spatial, formal, material or
performative. Design research rigour relies on ‘triangulation’ of creative methods,
transdisiplinary reading (which is a means for dismantling the ideological apparatuses
intrinsic to one’s own disciplinary approach), and incorporating qualitative and quantitative
methods as well. Quantitative methods are core to many of the technological studies that
are important for understanding material science, structural design, and environmental
building systems and ecological and urban systems. Qualitative methods are core to
rigorously and ethically understanding the varied socialities who will use spaces that
architects design. Discourse analysis enables students to critically engage critically with
scholarly literature outside their discipline. In addition to this, a broad knowledge of one’s
own disciplinary field enables students to explore relevant disciplinary precedents.
Apart from papers and books by Rawes (2013), Guattari (2000) and Bateson (2000),
mentioned earlier, students were encouraged to read key books from the post-humanist
‘material turn’ in the Humanities, led by political scientist Jane Bennett (2010) and
documented by cultural historian Peter Miller (2013). Bennett argues that matter shapes
humans as much as humans manipulate matter. Without daily food and water we cannot
live, but equally other materials, as diverse as dirt, plastic and bacterial colonies, are interior
to us. Bacteria helps us digest our food and keep us healthy; we carry dirt in our pores and
under our nails; and even micro-plastic particles are now a ubiquitous part of our food chain
as they float in ocean gyres and are swallowed by the fish we eat. Indeed, a recent study has
shown that up to 25% of sea salt sold as food is actually plastic (Berry, 2015). The question
that emerged was ‘how might architects work different if they think of their materials –
natural and artificial - as having agency?’
Common to all design research is the understanding that it is future-oriented: research into
what might be. This is distinctly different from the what is questions that underpin research
in the sciences and social sciences - or what was – questions that are at the heart of
historical research. As Philippe Vandenbroeck argues, research considerations about what
might be are increasingly important in an age where seemingly ‘wicked problem’ dominate
considerations in world politics, economies and environmental futures (Vandenbroeck,
2013). Global flows of material, people and capital are fundamental to the global economy,
yet also complicit in the energy consumption and carbon dioxide outputs that are driving
climate change. This studio, therefore, challenged students to work on a number of fronts at
once to investigate materials’ hidden stories of transit to a site. Methods included
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precedents studies and open source quantitative data (eg. meterological, demographic and
material) and qualitative data (eg. interviews with community members in Gellibrand and
Royal Society representative in Melbourne, and with suppliers of various materials) in
addition to at least three lines of creative research. This balance of this paper will focus only
on the three creative research methods: ‘forensic’ mapping across a range of scales;
exploratory materials research; and sectional drawings that capture immaterial phenomena.

3.1 ‘Forensic’ Mapping of Material Flows
The first task was adapted from two techniques developed at the Goldsmiths, London; one
by Terry Rosenberg and the other by Eyal Weizman. Rosenberg applies a ‘forensic’ approach
to designed objects to enable students to uncover their material provenances. He challenges
students to disassemble common household objects and trace the materials through all their
stages of manufacture in search of an intriguing or unexpected social, political or economic
story. This then becomes an impetus for a design response (Rosenberg, 2014). Weizman
takes the concept of forensic mapping, typically used in crime scenes to piece together
evidence that reveals details of a crime event, to the mapping of war torn territory using
Geographical Information Systems (GIS) software to capture dynamic relations of territorial
violence (Morris and Voyce, 2015).

Figure 1 Forensic’ map of aluminium by Llewellyn Vardon McLeod.

Extrapolating from these two approaches, I set my students the task of ‘forensically’
analysing the global material flows of a small, recently completed sports pavilion. The project
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architect gave a detailed presentation of the design rationale to the students, they had a tour
of the building and were given a full set of working drawings. Each student took
responsibility for tracking the provenance of one material: steel, concrete, aluminium,
structural timber, cladding timber, linings, cabinetry or fixtures and fittings. A range of
knowledge was uncovered.
One student mapped the journey of aluminium to the site (Figure 1). She documented the
materials used to make aluminium and identified where they are mined or manufactured.
Another tracked the source of steel, which was revealed to have travelled the furthest
distances: over 10,000km from the site of iron-ore mines to sites of raw steel manufacture,
to factories for shaping and extrusion, and eventually to the site of installation. The journey
from mine to smelter to site involves global shipping on vessels powered by petroleum.
Students were disturbed to find the extent of damage to ecologies by oil spills from vessels
carrying fuel in the world’s oceans. One student’s ‘forensic’ map indicates the spatial impact
of these spills. Two other students uncovered a range of social consequences to the
processes of manufacturing. They include destruction of sacred indigenous sites in Western
Australia for the procurement of iron ore; destruction of parts of the Amazon rainforest to
source Brazilian ore; the poor pay and conditions for workers in the Chinese steel
manufacturing industry; and the prevalent use of the drug ‘ice’ by truck drivers to keep
awake on long haul journeys throughout Australia. At the end of this quick exercise, students
were encouraged to question whether there are alternative building materials that might
have lower social, cultural and environmental costs.

3.2 Material explorations

Figure 2 ‘3 Ways’ exercise exploring the possibilities for plastic bags, by Llewellyn Vardon McLeod
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The following week students were asked to find one material available within a 100 mile
(160km) radius - a Locavore’s range - of their chosen site to uncover material opportunities
and ‘dish it up’ three ways in a maquette. The method is inspired by reality television
cooking challenges in which contestants are required to explore one food item to create
three different textural and taste experiences. The choices students made were informed by
knowledge they had procured during their ‘forensic’ mapping. Each investigation needed to
reveal three different characteristics of their chosen material - perhaps structural strength or
weakness, a jointing technique, an experiential quality - but at least one investigation
needed to uncover something unexpected. They had six hours in the school’s timber and
model making workshop to complete their task.
The student whose ‘forensic’ map focused on environmental pollution from global shipping
investigated material waste at a local scale. She chose to focus her material study on plastic
shopping bags (Figure 2), exploring possibilities of transforming a material with a very short
usable life (but very long material presence in land fills) into a building lining fabric by
cutting, ironing and folding it into stiff ‘origami’ pleats and boxes.
Another student who had chosen to work on the city site was also interested in waste, but
from local restaurants. She focused on polystyrene, a material used in packing hot takeaway
food for transit, in packaging fragile items for transport and in the building industry for
insulation. Her quantitative research revealed that polystyrene is 98% air and 2% synthetic
plastic made from petroleum products. The air gives it its insulating properties but also
makes it difficult to transport and recycle. Consequently the majority ends up in landfills
where it can blow away into waterways where it can be ingested by marine and bird life.
Australians throw out 40,335 tonnes of polystyrene foam packaging every year, of which
only 2,774 tonnes, or 6.7%, is recycled (Clean-up Australia, 2010). There are developments
of bio-foam made from a material that is also used for food: sugarcane. But popcorn has
also been used as an alternative for packaging fragile goods for transit. Her ‘3-ways’
experiment began with polystyrene but moved quickly to embrace popcorn. As the semester
unfolded she conducted other experiments with materials that cross the threshold between
food and architecture: mycelium and SCOBY.
Precedents research uncovered artists and designers already using these materials.
American artist, Phil Ross, whose diverse experiences as a chef, in hospice work and in plant
husbandry, led to his investigations into using mycelium as a building material; a technique
he terms ‘mycotecture’. Ross has constructed building blocks for interior installations from
the fungus Ganoderma lucidum (or Reishi) a mushroom tissue grown in sawdust (Glover,
2012). Brooklyn based designer, Danielle Trofe, has also used this technique to make interior
light fittings, the ‘mush-lume pendant’ (Trofe, 2016) and New York studio, The Living,
created an exterior gallery installation at MOMA PS1 from mycelium bricks grown in corn
stalks (Hill, 2014). As the method is still novel, Jacqui conducted a series of experiments
using the university science labs. She found that coffee grounds were an effective ‘ground’
in which mycelium could grow, trialling a range of moulds – from plastic drink bottles to bags
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Figure 3 Experiments with mycelium by Jacqueline Nguyen

to string climbing frames (Figure 3). The environment for optimal growth needed to be damp
and dark. But once the block was air dried, growth was terminated and the material became
hard. Ross has tested the strength of his blocks and found that their strength to weight ratio
exceeds concrete. The student found that she could grow and dry mycelium bricks in a
matter of weeks.
Another of her material experiments involved Kombucha, a popular health drink made from
SCOBY – an acronym for a symbiotic culture of bacteria and yeasts – that grows in green tea
and sugar. Fashion designer Suzanne Lee has pioneered a range of Bio-couture from dried
out SCOBY, a brownish leather-like translucent material that will shrink to any shape it is
formed around. It is not weatherproof, but the student set up prototpes for interior or
sheltered screens to allow diffused light into a building (Figure 4).
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Figure 4 Further experiments with SCOBY by Jacqueline Nguyen

Another student, provoked by the discovery of the hidden environmental, social and
economic factors in steel production, analysed the waste from the nearby food markets and
discovered wax coated cardboard fruit boxes have a limitless supply and limited life cycle.
They are used because of their ability to handle ice and water over long distances, but are
unable to be recycled because of the waxy coating. Quantitative research from the USA
reveals estimates of 1.5 million tons (1.36 million tonnes) of waxy cardboard that ends up in
landfill (Kalkowski, 2012). The student also conducted research into precedents by architects
such as Frank Gehry, Shigeru Ban and students from Samuel Mockbee’s ‘Rural Studio’. His
first experiments in the ‘3 Ways’ exercise revealed that corrugated cardboard has intrinsic
strengths, but if it needs to be cut, glued and reworked the labour outweighs the benefits
(Figure 5). His attention was redirected to minimal intervention, focusing instead for the rest
of the semester, on detailing a system of joints. First experiments were with plywood, that
he hypothesised could be scavenged from discarded urban hoardings, but later from custom
printed 3D recycled PET plastic (Figure 6).
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Figure 5 & 6 ‘3 ways’ with Cardboard and 3D printed joints for cardboard fruit boxes by Mark Ng

All of the students who worked on the Gellibrand site chose timber as a primary material
because of its renewable nature and ready availability. One identified the willow eradication
program in the waterways nearby as a potential material source. It is an invasive introduced
weed. Another investigated the structural possibilities of Blackwood, an acacia, growing on
the immediate site, and two others explored pine from the nearby plantations.
Investigations varied from material minimisation through to the use of whole trees (50%
stronger than milled timber and, if living trees are used, excavation for footings could be
avoided through using the strength of existing roots); to detailing ideas to enable social
change (slot-together jointing systems enable local community to be involved in building
processes. (Figure 7).

Figure 7 Timber joint experiments, first trialled in the workshop, then drawn up by Miles RitzmannWilliams
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3.3 Sectional drawings of immaterial phenomena
The third exercise was to consider the im-material phenomena of the site. Using the 160km
site radius again, students were asked to document important ecological, geological and
meteorological cycles that are above, below and surrounding their site. Some cycles were
diurnal, some seasonal, and others were deep environmental cycles that might have
unfolded over hundreds or thousands of years. Environmental performances have been
increasingly seen as generative of a design response within the discipline of landscape
architecture, but architecture students are more often than not quickly blinkered by
cadastral survey lines, and draw property boundaries as a preliminary move. Their designs
are consequently conceived for a single moment in time forgetting the complex relational
systems that their buildings will be a part of over daily, seasonal or annual cycles.
The Gellibrand site sections revealed pronounced seasonal cycles. One student focused on
the periodic wildfires that are believed to be substantially worse since colonisation.
Ecological back-burning regimes practiced by the first people, the Gadubunad, were timed
precisely when soil and atmospheric humidity was high, wind was low, to ensure that the
fire load from leaf litter was managed. In turn fire promoted growth of fire responsive bush
foods (Gammage, 2011). Current back-burning is organised around a Western calendar, by
two different authorities depending on their departmental funding cycles. Only a month
before, a back-burn in Lancefield, just north of Melbourne, broke containment lines
destroying a number of houses and thousands of acres of bush and farmland (Department of
Environment, Land, Water and Planning, 2015). It was lit just before a long weekend despite
high temperatures and windy weather being forecast.
Another site section focused on seasonal flows of rain water and the daily flows of grey
water from the township, neither of which are adequately managed at the moment. The
latter is a cause of concern for catchment management authorities and has become a
stumbling block for locals who are unable to get building permits for developments as grey
water treatment plants are difficult to provide on small blocks given the poor capability of
the silty soil to disperse water in winter. Subsequent investigations included quantitative
analysis of water flows and iterative experiments tracking the paths that water took over a
3-D site model. Another student identified geothermal springs around 1000m under the site
(Figure 8).
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Figure 8 Sectional drawing of Gellibrand site showing geothermal springs by Adriana D’Amico’s

A student, who was working on the city site, used the urban metabolism research of Brunner
and Baccini (Baccini and Brunner, 2012) to inspire investigations into the process of site
excavation, where tonnes of earth and rubble are trucked out to landfill, followed by an
inflow of tonnes of manufactured material. Most of these material inflows are composites
that comprise a mixture of globally and locally sourced materials, but some are produced
locally (typically concrete because its mass and chemical volatility means transportation
costs are very high and times need to be short). The site section represented the cycle of
emerging absence on a site followed by an accumulation of material that is an ‘ecology’
created by human activity and occupation (Figure 9). The student then zoomed in to
document the geological substrate in detail, classifying soil types and their depths. She
estimated the cubic metres of fill clay and rock and their particular compositions as
permeable clayey silt, moderately reactive silty clay, and siltstone, a weathered sedimentary
rock with extremely good compressive strength (Figure 10).

Figure 9 Sectional drawing of city site showing urban metabolism by Madeleine Hodge
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Figure 10 Sectional soil analysis by Madeleine Hodge

5. Discussion: prospects & limitations for a ‘loc-itecture’
These preliminary research exercises using spatial and material design techniques, paired
with precedents research and quantitative and qualitative research formed a basis for
developing subsequent design projects. They were devised to provoke students to see
sustainability within a context of ‘relational ecologies’ but also to empower them to imagine
alternative futures. The design outcomes were as varied as the paths of inquiry that
students undertook using design research. Although students approached their architecture
initially as a Locavore does their food, they developed varied positions on the relative value
and problems inherent in the global flows of materials. The term loc-itecture is offered
provisionally as a way to gather together the disparate approaches.
The student who experimented with mycelium and SCOBY designed a facility for growing
materials on site: mycelium bricks, bamboo, and SCOBY with a restaurant adjacent. The
building unfolded over a couple of years, beginning with planting bamboo and growing
mycelium in carefully designed interlocking block moulds, using the existing buildings on site
as drying rooms initially. The student who explored the soil conditions of her site designed a
building in which all the earth materials extracted from the site (carefully quantified) were
used as the primary building material. Compressed earth blocks with geo-polymer additives
proved to be the most resilient, strongest and thinnest blocks that could be used - even for
the roofs, if a timbrel vault structural system was adopted. The process would be explained
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through an education centre, where excess brick could also be sold to the community. The
student who discovered geothermal springs used them as both a source of energy for her
design and an augmentation to the program. They provided hot water for thermal
bathhouse, so that the program of the restaurant could be augmented with a health spa.
The student who explored cardboard developed a transient, mobile soup kitchen made from
re-purposed cardboard waste to augment existing urban infrastructure and build prospects
for social connection amongst marginalised groups. The student who explored timber
jointing techniques proposed a kitchen, built by and for community, with grey water
management plan using landscape swales and food sourced from a community garden and
river caught eels (Figure 11). The student who explored ‘whole tree architecture’
transformed the brief to include a nursery for heritage variety fruit and vegetables (Figure
12). While each developed a technical response to address the environmental implications
of global flows of material, they also developed innovative material systems to address
socio-economic or socio-political consequences of traditional material choices used by
architects.
There are of course, risks to the trans-disciplinary creative approaches adopted in this
studio. Students can encounter other paradigms of thought and practice with a navïety that
comes from superficial engagement. While breadth was encouraged, students were also
expected develop some depth in their understanding of new material methods or spatial
practices. This was, of course, challenged by time. Delivered over twelve weeks, students
had to balance the time invested in their research investigations with time dedicated to
masterful resolution of an architectural design. While it could be argued that both were
compromised, the unexpected pathways taken through the process were valuable for
students and teachers alike.

5. Conclusion
Chris Ryan, director of the Victorian Eco-innovation Laboratory (VEiL), argues that the
catastrophe stories by the climate science community have done little to change global
energy consumption or greenhouse gas emissions. In fact, there is evidence that ordinary
citizens are more likely to be overcome by inertia as a result of the psychological
disempowerment they experience. Overcoming these feelings of hopelessness is now as
much a challenge as technological change (Ryan, 2013). This studio equipped students to
think imaginatively, but also to uncover knowledge from a range of sources – creative,
quantitative, qualitative and through encountering discourses from other disciplines – to
challenge the material systems reliant on global trade that are commonly use in
architecture. While the outcomes might at times be impractical, the aesthetic devices of
architecture are a means of provocation and social communication that has the power to be
both transformative and empowering (Rawes, 2013). Following Guattari, this studio
hypothesised that design practices that change mental and social ecologies are as important
as technological innovations that address environmental sustainability as we consider the
‘wicked problem’ of our environmental futures.
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Figure 11

Community House and Wetlands design by Miles Ritzmann-Williams.

Figure 12 Arboreal by Alistair Johnson exploits the structural properties of living trees using the
patented ‘Garnier Limb’, a fastener designed by Michael Garnier that doesn’t harm the
living tree and accommodates its growth.
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